Abstract. In order to explore the effect of fly ash on the pore structure and comprehensive strength properties of concrete, the effect of contents and particle size distribution of fly ash on the grade pore porosity and strength of the concrete were analyzed by mercury intrusion method. The results show that, decreasing the particle size of the fly ash leads to decrease of the porosity and less of the more harmful hole and harmful hole, while the harmless hole and the less harmful hole gradually increase. In addition, through the calculation on the fractal dimension of concrete grade pore porosity , it is found that there is a good correlation between the fractal dimension and strength of the concrete.
Introduction
Fly ash as a kind of mineral admixture with excellent performance, has three major effects [1] , the performance of concrete can be improved with its incorporation. Fine particle size of fly ash has a good chemical activity, and it can well fill the gap between the cement particles, forming a good secondary particle gradation with unhydrated cement particles , and thus improving the pore structure and compressive strength of concrete. Based on the foundation, the effect of fly ash content and particle size distribution on pore structure and strength of concrete ,which is of great significance to the change of macroscopic performance of concrete was investigated [2] [3] [4] [5] [6] .
It is illustrated that the pore structure inside the concrete is very complicated and disorderly distributed by scanning electron microscopy [7] ,and it is far from the characteristics of traditional assumption that the structure of the pore is straight, and equal size, and smooth [8] .So the traditional method can not be an effective quantitative description of its complexity. Fractal geometry [9] is a new branch of mathematics which developed by Mandelbrot, as an important parameter in the discipline, fractal dimension can be quantitatively described the complexity of geometries. Concrete, whether in its formation or in the course of work have shown a series of fractal characteristics [10] [11] [12] . During the study of concrete, the strength is closely related to the porosity and pore size distribution, therefore, in this paper, on the basis of studying the fractal dimension of each pore in concrete , the relationship between compressive strength and fractal dimension of concrete grade pore porosity were discussed.
Materials and methods
Materials .42.5 ordinary Portland cement with specific surface area of 380m 2 /kg was supplied by Shenyang Jidong cement factory. Crushed stone as a kind of coarse aggregate with particle size ranges from 5 to 20 mm and a maximum particle size of 20 mm was used in this experiment. River sand (fine aggregate) with fineness modulus of 2.8 was also used here. Naphthalene superplasticizer with water reducing rate of 18%-25% was used in this experiment. I grade fly ash is produced by Shenyang Shenhai thermal power plant and the loss on ignition is 1.29%. Its main chemical composition is shown in Table 1 . 
Methods.
Preparation of fly ash. The fly ash with different particle sizes was prepared by changing the milling time, of which the grinding time for 0 min is termed as F0 and grinding for 60 min as F1, grinding for 90min as F2.After that, the particle size range was tested by laser particle size analyzer, and the results were shown in Table 2 . Mix ratio of concrete.Adopted standard curing regime (20℃), the size of concrete specimen is100 mm×100mm×100mm, consistent water to binder ratio is 0.42, the amount of cement, replaced by fly ash, was 15%, 16%, 17%, 18%, 19% and 20%, respectively. The experimental mix ratio of cement paste design is shown in Table3. Preparation of the specimens for mercury intrusion porosimetry (MIP) test.The interior part of the specimens curing for 7days was immersed in absolute ethanol for 48h to terminate the hydration. After that it was placed in the oven for 24h at the temperature of 105℃, which was prepared for the MIP [13] .
Results and discussions
Effects of fly ash content on strength of concrete at different curing ages.Taking concrete with fly ash particle size F0 as an example, in order to explore the influence of fly ash content on compressive strength of concrete at different curing ages, set the control group that the replacement rate of fly ash is 0% , test group fly ash replacement rate changes from 15% to 20%, (gradient gap is 1%), the compressive strength test results of concrete at 3d, 7d and 28d are shown in Table 4 , the relationship between the dosage and the strength is shown in Fig.1 . As can be seen from Fig.1 , the early strength of concrete decreases with the incorporation of fly ash. Compared with the control group, the average compressive strength of concrete with 15% replacement of fly ash at 3d and 7d decreased by 5.2MPa and 3.7MPa, percentages of strength decreased by 17.1% and 10.4%, it can be seen that the addition of fly ash has a certain weaken effect on the early compressive strength of concrete, this is because the early strength of concrete mainly from cement hydration, when fly ash replace cement at the same quality it will lead to a reduction in the quality of the cement that can be hydrated, and the compressive strength of the concrete is reduced [14] , no matter what kind of curing age, it can be clearly seen that in the test group, the compressive strength of concrete with 15% fly ash content is larger, and the content of 20% of the concrete compressive strength is relatively small. Effects of particle size distribution of fly ash on compressive strength of concrete at different ages.In the test group, when the content of fly ash is 15%, the compressive strength of concrete is relatively good, and it has a good representation, which can better highlight the effect of fly ash particle size distribution on compressive strength, when exploring the relationship between the particle size distribution of fly ash and the compressive strength of concrete, select the three kinds of concrete which particle size of fly ash is F0, F1, F2, and the content is 15% . Test the compressive strength of concrete at age 3d, 7d and 28d, the fly ash concrete with particle size F0 is the control group and test results are shown in Fig.2 . As an be seen from Fig.2 , with the extension of the curing age the compressive strength of concrete gradually increased ,the compressive strength of the test group concrete with smaller particle size fly ash was higher than that of the control group in the early stage (3d ~ 7d), and the compressive strength between the two is very close to that in the later stage of conservation (28 d). When the curing age is 7 days, the compressive strength of the concrete corresponding to the fly ash with the particle size of F2 compared to the particle size of F0, F1 fly ash corresponding to the compressive strength of concrete were increased 1.9MPa, 1.4MPa, strength growth rate respectively of 5.9% and 4.3%.When the curing age reached 28 days, the compressive strength of the concrete corresponding to the fly ash with the particle size of F2 compared to the particle size of F0, F1 fly ash corresponding to the compressive strength of concrete were increased 0.8MPa, 0.4MPa, strength growth rate respectively of 1.8% and 0.9%. Effects of fly ash on porosity of concrete pore.In order to further explore the effect of different fly ash content and particle size distribution on the pore structure of concrete, in this paper, the porosity characteristics of concrete which curing 7 days that the particle size of fly ash is F0, F1, F2, and content are 15%, 16%, 17%, 18%, 19%, 20% were analyzed by mercury intrusion test. The results are shown in Table 5 ,the relationship between the changes shown in Figs.3. As can be seen from Table 4 and Figs.3 that when the fly ash content is the same, with reduction of particle size of fly ash(the longer the grinding time) the graded porosity of less harmful hole, more harmful hole and harmful hole decreased, while the harmless hole and less harmful hole (>50nm) increased to make the pore size distribution well optimized. When the particle size of fly ash is same, the graded porosity of less harmful hole, more harmful hole and harmful hole increased. This is due to the combined effect of the following two factors: (1) As the fly ash particle size changes its micro-aggregate effect and volcanic ash effect is more significant,as the fly ash particle size changes its micro-aggregate effect and volcanic ash effect is more significant, after incorporation it full with cement hydration products Ca (OH) 2 occur secondary hydration reaction and the products can better filling the pores, so that the concrete pore refinement, porosity reduction, and density of concrete has been greatly improved.(2) Fly ash instead of cement make the amount of cement reduce, and at the same time due to low activity of fly ash, and its secondary hydration reaction is slow ,especially in the case of higher fly ash content, which will lead the porosity of concrete increased . Effects of different particle size distribution and different content of fly ash on the fractal dimensions of the pores of concrete.The calculation results of different fly ash content and particle size distribution on fractal dimension of concrete pore are shown in Table 6 , and the relationship is shown in Fig.4 . Fig.4 The relationship between different content and particle size distribution of fly ash and fractal dimension of concrete pore
It can be seen from Fig.4 that when the particle size of fly ash is the same, the fractal dimension of concrete decreases with the increasing of fly ash content, when the content of fly ash is 20% the fractal dimension of concrete is the smallest. This is because fly ash replacing cement make the amount of cement reduce, and due to the low activity and low secondary hydration reaction of fly ash, especially in the case of higher fly ash content, which will lead the porosity of concrete increased . When the content of fly ash is constant, the fractal dimension of the concrete increases with the decrease of the particle size of the fly ash. This is owing to the reduction of fly ash particle size which make fly ash have a better filling effect that can form a good gradation with the cementitious material , while due to the reduction of particle size, its specific surface area and chemical activity increased which enhance the secondary hydration reaction rate, so more hydration products generate in the unit time that can refinement of the pore size, which makes the porosity of the concrete reduced and the fractal dimension of the pore increased. Effect of fractal dimension of concrete pore on compressive strength.Numerous studies proved that [15] [16] [17] , the compressive strength of concrete is not only related to pore size, and porosity has a decisive effect on the strength of concrete, and at the same time, the fractal dimension of pore also has an effect on the strength of concrete. The compressive strength and pore fractal dimension of concrete are shown in Table 7 , and the relationship is shown in Fig.5 . It can be seen from Table 7and Fig . 5 that the greater the compressive strength of concrete is, the fractal dimension of pore its correspondence is more large, there was a positive correlation between compressive strength and pore fractal dimension. This is because when the range of pore is constant, the fractal dimension decreases as the porosity increases. When the porosity is constant, the fractal dimension is determined by the range of pore, the narrower the range of pore distribution, the smaller the fractal dimension is, for the reason that the porosity is the main factor to determine the strength of concrete, the smaller the porosity is, the larger the fractal dimension of the pore and compressive strength of the concrete are.
Conclusions
(1) The addition of fly ash has a certain weaken effect on the early compressive strength of concrete, the compressive strength of concrete with 15% fly ash content is larger, and the content of 20% of the concrete compressive strength is relatively small. (2) With the extension of the curing age the compressive strength of concrete gradually increased ,the compressive strength of the test group concrete with smaller particle size fly ash was higher than that of the control group in the early stage (3d~7d),and the compressive strength between the two is very close to that in the later stage of conservation (28 d). (3) When the fly ash content is the same, with reduction of particle size of fly ash(the longer the grinding time) the graded porosity of less harmful hole, more harmful hole and harmful hole decreased, while the harmless hole and less harmful hole (>50nm) increased to make the pore size distribution well optimized. When the particle size of fly ash is same, the graded porosity of less harmful hole, more harmful hole and harmful hole increased. (4) When the particle size of fly ash is same, the fractal dimension of concrete decreases with the increasing of fly ash content, the content of fly ash is 20% the fractal dimension of concrete is the smallest .When the content of fly ash is constant, the fractal dimension of the concrete increases with the decreasing of the particle size of the fly ash. The greater the compressive strength of concrete is, the fractal dimension of pore its correspondence is more large, there was a positive correlation between compressive strength and pore fractal dimension.
